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and Poikelopleuron of the European Wealden, to which they are strongly 
allied, the most carnivorous and rapacious of terrestrial reptiles known. 
The teeth are long and sabre-like, recurved and minutely serrated, and the 
jaws were doubtless furnished with strong masseter muscles. The fore 
limbs were, in all, much smaller than the hinder; the neck was short, the 
tail probably slender, and very effective as a weapon. The pelvis is very 
imperfectly known in all the carnivorous genera, but was undoubtedly very 
narrow, as shown by the sacrum. The astragalus was very bird-like, with a 
high ascending process; the feet three-toed. The claws were extremely 
slender, curved, and pointed. The bones were all very hollow, light, and of 
dense osseous texture. Creosaurus is estimated at thirty feet in length. 
They probably habitually walked upon the hind feet, progressing rather by 
leaping than by strides. 

Caulodon and Tichosteus are very imperfectly known from teeth and 
fragmentary vertebree. 

That not only in species, but also in individuals, this age was very pro- 
lific, seems probable from their abundant widely scattered remains, and 
moreover, localities but a few hundred miles apart, seem to differ much in 
their species. Not a single species has been found identical in any of the three 
localities mentioned above, although there possibly may be upon further 
study. Upon many obscure problems of the ancient Mezozoic life, much 
light may be confidently expected from the vast unexplored deposits of the 
Rocky Mountain Jura. 

CRETACEOUS FORESTS AND THEIR MIGRATIONS. 

By Prof. B. F. Mudge, Manhattan. 

One of the most interesting problems of geology, is the study of the 
geographical distribution of animal and vegetable life over the globe, in 
the different geological ages, and more particularly the migrations from one 
portion of the earth to another, consequent on the sinking of one area 
beneath the ocean, and the rise of another. Such changes of land have been 
exceedingly slow, and consequently the migrations of animal and vegetable 
life have been equally so. 

Prof. Asa Gray has recently, in the American Journal of Science, given 
us a very interesting essay on the origin by migration of our forests of 
America and Europe. He describes the close relationship of the living for- 
ests, and those fossilized in Greenland in the Miocene deposits. From a 
series of facts, he comes to the conclusion that the flora of both continents 
have descended from the common stock which lived in Greenland during 
the Miocene epoch. He stops there and goes no further back. He does not 
inquire from whence came the Greenland forests. 

Now by the labors of Herr and others, we have a knowledge in detail 
of the Greenland flora, not only in the Miocene, but in the Upper Cretaceous. 
They show a near resemblance to the vegetable life of our Dakota group. 
As the latter is much older than the former, we now propose to give our 
reasons for believing that the Dakota epoch of Kansas, Nebraska, and 
some portions of the Rocky Mountain region, was the true and original 
nativity of the latter forests now fossilized in the deposits of Greenland. 

To do this, the facts will be a little clearer if we show, by the labors 
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of Prof. Lesquereux, the close resemblance of the Dakota forests, and those 
now living in the temperate portion of the United States. In his "Cretace- 
ous Flora," and other publications, Prof. Lesquereux has given us a careful 
description of 164 species mostly of forest trees. Of these about three- 
fourths are dicotyledons, or representatives of our forest and fruit trees of 
the temperate zone, excepting the evergreens. They are distributed among 
nineteen orders and fifty-two genera. They embrace the Oak, Willow, 
Poplar, Magnolia, Sassafras, Buttonwood, Tulip tree, and also Pyrus and 
Prunus, to which our best fruit trees belong; and in addition a few semi- 
tropical forms, like the Fig, which now grows wild in Florida. Of Prof. 
Lesquereux's list of fossil plants from the Dakota, fifty-six per cent. of 
the genera are identical with those now living east of the Rocky Mountains, 
in the temperate zone of the United States. To this must be added twenty- 
four per cent. which are apparently identical, represented by Populites, 
Betulites, Acerites, Negundoides, Laurophyllum, etc. Of the remaining 
twenty per cent., a few, like the Fig and Cinnamon, are now living in the 
tropics, while a few genera have become extinct. 

When we examine the species under these genera, we find some exactly 
identical with those now living, and many others apparently so. Sassafras 
officinale, now the only species growing in the United States, was first dis- 
covered in the Dakota, by the writer, and named by Prof. Lesquereux, S. 
Mudgii, but on careful examination by him and Prof. O. Herr, the identity 
of the Dakota and living species is well settled. This species, and apparent- 
ly other species, have been found in Greenland, and one closely allied to it 
in Europe. Fagus polyclada, of our Dakota, "is an exact representative of 
the only species of beach in America." Persea Sternbergii from the same 
deposits compares closely with P. gratissima of Cuba and Brazil. Others, 
like Cinnamomum Scheuchzeri, though not coming down to the present time, 
hold their specific characters, from the early Cretaceous of America to the 
Miocene of Europe. 

The Conifers show even a stronger persistence in retaining their char- 
acteristics. Saporta and Marion, in their Flora of Gelinden, speaking of 
Pinus Quenstedti, which is found in our Dakota and in the Upper Cretaceous 
of Greenland, say, "This species does not differ in character from the liv- 
ing Mexican species with quinate leaves." Sequoia gigantea, our big red- 
wood of California, is recognized as the S. Sternbergii of the Miocene, found 
at Disco. So Sequoia fastigata is the deposits of Kansas Miocene and the 
Greenland upper Cretaceous, is considered by Lesquereux very nearly the 
same as S. condita, fossil, and the living S. gigantea and S. sempervirens. 

Prof. Gray expresses his idea of the close resemblance in the following 
terms: The twigs of the Sequoia in the Eocene, are "so very like S. gigan- 
tea of the Sierra Nevada, that if such fossil twigs, with leaves and cones, 
had been dug up in California, instead of Europe, it would confidently be 
affirmed that we had resurrected the veritable ancestors of our giant trees." 

The Bald Cypress, now our only living species, has a close ally in the 
fossil Glyptrostrobus; "a sort of modified Taxodium, about as much alike 
as one species of redwood is like another." 

As the Conifers are a very old family, coming down from the close of 
the Silurian Age, this resemblance and persistence of features does not 
impress us strongly. But it must be borne in mind, that neither Sequoia 
nor Taxodium have been found in any part of the globe in formations older 
than our Cretaceous. 

The flora of the Dakota is more nearly allied to our living trees than 
to the forests of Europe. That quarter of the globe has no Magnolia, 
Liriodendron, Liquidamaer, Sassafras, Coffee tree (Gymnocladus) or Wal- 
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nut, yet all are found living with us, as well as largely represented in our 
Dakota fossils. Europe has no Catalpa, but we have the fossil Protophyl- 
lum, which appears to be nearly the same. 

It is also a fact of much interest to note that the proportion of apetal- 
ous and polypetalous plants, of imperfect and perfect flowers, in Prof. 
Lesquereux's list, is very nearly the same in the Dakota group as in our 
living flora. 

According to our present geological knowledge, the American lower 
cretaceous contains the first and oldest Dicotyledons. Future discoveries 
may give us a still further antiquity to our forests. But as the early Cre- 
taceous flora has been known for many years, and carefully studied without 
finding anything of the same type in any of the older formations, it is 
very probable that we must date the origin of the Dicotyledonous plants 
with the dawn of the Cretaceous age. 

At the close of the Dakota epoch we know that a long period elapsed, 
extending to the close of the Cretaceous, during which all portions of the 
United States from the Atlantic to the Pacific, excepting a few islands, and 
probably the southern part of British America, was under the ocean. It 
was the reign of the large fishes, saurians, etc., found fossilized in Western 
Kansas, Nebraska and Wyoming. During this time the forests became 
locally extinct. But their representatives are found in the northern regions 
in the Upper Cretaceous, over extensive areas, that betoken a continent, or 
at least continental islands. The leaves and other remains of the forests 
occur in Alaska, near Mackenzie river, North Somerset and Greenland; and 
undoubtedly at intermediate points. 

These facts, and the strong resemblance between the floras of the 
Dakota period and those of Alaska, Mackenzie and Greenland, together with 
their common alliance to our living forests, justify us in concluding that the 
vegetation of our lowest Cretaceous slowly migrated; and, the climate in 
the northern regions then being like that of Virginia and the Carolinas at 
the present day, it overspread a large extent of ihe northern regions, far 
within the Arctic Circle. When in the Tertiary times, the sunken continent 
arose again, the flora, returned to its former home. As the Rocky mount- 
ains arose in the Eocene it came back by the way of that backbone of the 
continent, and thence spread over the whole of the temperate zone of 
North America. Those with a preference for mild winters inclined to the 
western slopes, and others took their way toward the East, as Prof. Gray 
has narrated. Many small shrubs, protected by the large trees, went and 
came with them. 

When we consider the long periods covered by the Cretaceous and 
Tertiary ages, the rate of migration may have been exceedingly slow. If 
we allow a century for a life generation of each forest, the seed of the 
trees need not have been carried more than a single mile in a single genera- 
tion. Thus slow but sure is the plan of nature's operations. 

INTERNAL HEAT OF THE EARTH. 

By Prof. B. F. Mudge. 

We frequently notice, in newspapers and popular treatises on geology, 
the theory stated, in the most deliberate manner, ,s if it were accepted by all scientific men, that heat rapidly and regularly increases from the sur- 
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